Objectives: This study aimed at evaluating the perceptions of farmers on the pineapple mealybug, the different control methods adopted against the pest and the socio-cultural factors that influence these perceptions. Methodology and Results: A survey was conducted among 180 pineapple producers using a semistructured questionnaire in five main pineapple production areas in Benin. Binomial regression and Factorial Correspondence Analysis (FCA) were performed to determine the sociocultural factors that influence farmers' knowledge on the pineapple mealybug. Fifty eight percent of farmers perceived mealybug as pineapple insect pest while 22.22% reported the insect as the MWP disease vector. Experience in Pineapple production and participation in training determined the knowledge of farmers on the mealybug as important pineapple insect pest and as MWP disease vectors. Only trained farmers used to apply control methods. Conclusions and application of findings: This study shows that it is the trained producers who have a better knowledge of the mealybug and adopt some control methods. It is therefore an emergency that training seminars be organized for a large number of producers followed by supervision in sight of making them qualified to better control the proliferation of mealybug and limit the spread of wilt disease.
INTRODUCTION
Agriculture is the predominant sector in Benin contributing to 39% of the gross domestic product (GDP) and 90% of the exports (Sossa, 2014) . For several years, cotton was the main cash crop providing more than 70% of the country's export earnings. The cotton sector has experienced serious crisis due to the decline in production. This situation has led to an extension of national agricultural priorities to other crops including pineapple (Ananas comosus L. Merrill), which became a product with high potential for export (Sossa, 2014) . Pineapple production is primarily concentrated in the Atlantic department in the Southern part of Benin. Previous studies conducted in Benin showed that the pineapple industry contributes to 1.2% to the Gross Domestic Product (GDP) and to the reduction of unemployment. However, pineapple production is hindered by several constraints such as poor soil fertility, irregularity of rainfall and pest pressure. Mealybugs and the Mealybug Wilt of Pineapple (MWP) disease are the dominant pest and the most important disease of pineapple in Benin respectively (Fanou and Adikan, 2008) . MWP disease can cause losses ranging from 30 to 35% of the production (Sether et al., 2001) . The disease symptoms start by the reddening of the leaves which become red or pink, and the edge of the leaves curl down. Thereafter, the leaves lose their turgor and fall down from the plant (Carter, 1945) . MWP disease is expressed by the concomitant action of the mealybug Dysmicoccus spp. and the Pineapple Mealybug Wilt Virus (PMWaV) which includes five forms (Gambley et al., 2008) . Two mealybug species namely D. brevipes and D. neobrevipes are known to be the most important insect pests of pineapple in the world (Jahn et al., 2003) . Several control methods have been developed to control the mealybug. Cultural control method consists of limiting ants' population instead of a direct control against the mealybugs because the presence of scales is associated with ants which play a major role in the dissemination of mealybugs. (González-Hernández et al., 1999) . Chemical control is applied through the use of insecticides and Biological control using parasitoids and predators has also been reported (González-Hernández et al., 1999) . Socio-cultural factors may affect practices of farmers. Support from researchers, trainers and agricultural services, influences the decision of farmers to accept new technologies (Lowoga et al. 2011) . Farmers are often responsive to the knowledge they receive from trainings and this can result in change of how they handle their cultural practices and/or adoption of new technologies (Nyantika and Aming'a, 2015) . Fawole (2008) reported that in Nigeria, farmers use several sources of information to improve their knowledge and agricultural practices. The development of control programs against a pest requires the participatory involvement of farmers to take into account their socio-economic realities. In Benin, however knowledge of farmers on the pineapple mealybug and the associated control methods is less documented. In addition, little is known on the socio-cultural factors that influence farmers' knowledge about the insect at country level. It is therefore important to conduct surveys on this aspect in order to strengthen knowledge of Benin's farmers and guide them to implement effective pest management strategies to control pineapple mealybug. Therefore, this study aimed at (i): collecting farmers' perceptions on the pineapple mealybug; (ii) documenting the different control methods implemented by farmers in management of the pineapple mealybug and (iii): identifying the socio-cultural factors that determine their knowledge.
MATERIAL AND METHODS Study area:
The study was conducted in five municipalities (Allada, Abomey-Calavi, Toffo, Tori and Zè) located in the Atlantic department in Southern Benin (Figure 1 ). This area covers about 3 233 Km 2 and includes 500 villages and eight municipalities. The pedoclimatic conditions are suitable to the production of pineapple and most of pineapple producers are located in the five selected municipalities. The landscape is composed of semi-deciduous, savannas, filled forests, meadows, fallow land and fields. The climate is of subequatorial type (Akoegninou et al., 2006) . Annual rainfall ranges from 950 to 1400 mm and the soil is ferralitic. The mean annual temperature is 26 °C (± 2.5). 
Methods
Sampling and data collection: A survey was conducted across five municipalities (Allada, AbomeyCalavi, Toffo, Tori and Zè) between October and November 2015. Farmers were selected based on three main criteria: i) farmers having at least three years of experience in pineapple production, ii) farmers owning a pineapple field, iii) the size of field area ≥ 0. 5 ha. In each location, a focus group was conducted to identify pineapple producers and to collect information about the different aspects under investigation. Afterwards, a list of specific semi-structured questions was individually addressed to farmers who were randomly selected. Data were collected on characteristics of the farmers (sex, level of education, experience (years) in pineapple production, the variety(ies) produced, participation in at least one training), knowledge on mealybug as insect pest, knowledge on mealybug as vector of the pineapple disease, causes of the presence and spread of mealybug in pineapple fields, the infested plant parts, susceptible varieties to the mealybug infestation, different control methods implemented against the pests and their effectiveness. To enable farmers to recognize the mealybug, we collected berries infested by mealybugs which were placed in bottles and showed during the interviews. Overall, 180 farmers from 57 villages in the municipalities were interviewed (40 in Allada, 30 in Abomey-Calavi, 31 in Toffo, 39 in ToriBossito, and 40 in Zè). The sample size (N) was obtained by using the normal approximation to the binomial distribution, as proposed by Dagnelie (1998): With: p (86.45%) determined from the exploratory survey as the proportion of persons who fit with the three criteria and the margin of error estimation, at 5% threshold in this study. U1 -α/2 = 1.96, represents the value of the normal random variable for a risk α equal to 0.05. Statistical analysis: Data collected were submitted to descriptive statistics analysis (mean, frequency) in order to categorize farmers. Socio-cultural characteristics determining knowledge of mealybug as pest and vector of the Pineapple Mealybug Wilt disease: Binary logistic regression analysis (Crawley, 2007) was performed in R software version 3.2.4 considering knowledge of mealybug as insect pest pineapple and knowledge of mealybug as vector of the Mealybug Wilt of Pineapple (MWP) disease as dependent variables, and municipality, sex, level of education, number of years of experience in pineapple production, and participation in training as independent variables. Effect of farmers' sociocultural characteristics on identification of the mealybug as insect pest and mealybug as vector of the Mealybug Wilt of Pineapple (MWP) disease was assessed. The probabilities to predict farmers' knowledge about mealybug as insect pest of pineapple and knowledge of mealybug as a vector of the Mealybug Wilt of Pineapple (MWP) disease were estimated and the trend lines scalable and illustrative bar graphs were drawn. Sociocultural characteristics influencing control methods used by farmers against the pineapple mealybug: Factors that influence the implementation of control methods developed by farmers against mealybug were analyzed. Local perceptions and practices are generally dependent upon the sociocultural groups that differed from one area to another one). Hence, farmers were grouped based on two sociocultural characteristics i.e. the municipality and participation in training on the recognition of the pineapple mealybug as insect pest to the crop and mealybug as vector of the Mealybug Wilt of Pineapple (MWP) disease. Ten socio-cultural groups were identified, and for each of them, the frequency of farmers who have adopted each of the identified control method was computed. Thereafter, a contingency table was drawn with the ten socio-cultural groups placed in the rows and the control methods in the columns. The output was submitted to simple correspondence factorial analysis (FCA) in R software version 3.2.4 to describe the relationships between the socio-cultural groups and the pineapple mealybug control methods.
RESULTS

Socio-cultural characteristics of farmers:
The sociocultural characteristics of the interviewed farmers across the different municipalities are presented in Table 1 . It revealed that pineapple production is mostly practiced by men. Farmers were in majority illiterate (57.6%) whilst 28.9% and 18.3% of them have attended primary school and secondary school education level respectively. Regarding experience in pineapple production, farmers from the municipality of Toffo were the most experienced with an average of 12.5 years while farmers with the lowest years of experience were observed in the municipality of Tori. Two varieties of pineapple, Smooth Cayenne and Sugarloaf were cultivated by most of farmers across the surveyed areas with Sugarloaf grown by all surveyed farmers. However, in the municipality of Toffo, all respondent farmers produced the Smooth Cayenne though 77.4% of them produced also Sugarloaf. Most of the farmers interviewed did not participate in training on the pineapple pest (78.3%), except at Toffo where 51.61% of farmers participated in trainings. 10.3 ± 7.1 11.0 ± 5.5 12.3 ± 6.9 8.7 ± 4.6 11.2 ± 6.5 10.7 ± 6.1
Farmers' perceptions on the pineapple mealybug: Most of the farmers in the surveyed municipalities recognized mealybug as pineapple's insect pest (Table  2) . But not all of them really appreciated the detrimental effect of the pest in pineapple production. About 83.3% considered mealybug as insect pest for pineapple in the municipality of Abomey-Calavi, which is the highest proportion compared to the other municipalities (Table  2) . Only 22.2% of farmers know the role of this insect in the transmission of the virus responsible for the pineapple disease. Thirty eight percent of farmers from the municipality of Toffo have a better understanding of the role of mealybug in the dissemination of the disease (Table 2) . Indeed, damages of the mealybug differed among the plant parts and were greater on the pineapple fruit than on the leaves, stem and roots. Farmers do not have the same application about the most infested pineapple variety. About 44.44% of farmers perceived sugarloaf as the most susceptible variety to mealybug while some of them have pointed out the variety smooth cayenne as the most infested. The remaining proportion indicated that either the infestation rate of the two varieties was the same or had no idea on the infestation rate of the two varieties. Perceptions on this aspect varied between municipalities with 66.7%, 45% and 79.5% of farmers in the municipalities of Abomey-Calavi, Allada and Tori, respectively, who have reported Sugarloaf as the most attacked variety by the pest while smooth cayenne variety has been pointed out as susceptible variety in Toffo and Zè, (Table 2) . Farmers' perceptions on the causes of mealybug spreading: Farmers' perceptions on the causes of spreading of mealybug in the pineapple fields are diverse. Seven factors were identified to be involved in this mechanism (Table 2) . About thirty six percent (36.1%) of farmers identified the abundance of weeds in the fields as the most important cause that facilitates the infestation and spreading of mealybug in pineapple fields. With decreasing percentage, propagules of pineapple, ants, and dry season are others factors which influence more the infestation rate. Among municipalities, farmers' perceptions on the contribution of these factors to the proliferation of the mealybug differed. The presence of weeds is thought to be the main cause observed of mealybug' dissemination at Toffo as well as at Tori and Allada. However, the dry season is perceived as a main cause that increases the proliferation of mealybug in Abomey-Calavi and Toffo fields whereas the presence of weeds and ants are main causes of the disease spread at Zè. (Figure 2 ). Regular weeding and spacing of the pineapple plants were practiced by farmers among which 53.8% believed that it is effective. Intercropping has been identified by only 9.7% of farmers in Toffo. According to these farmers intercropping pineapple with other crops including cowpea, or soybean could reduce the population of mealybug. Though chemical treatment of pineapple seedlings with insecticides before planting is not a common practice used by farmers, 80% of those who applied this perceived it as an effective method. This method is mostly practiced in Allada and Toffo. Five percent of the surveyed farmers used chemical control in field. This practice is most commonly used in Toffo than Allada and Zè. The insecticide used is dimethoate. In fact, it is used not only against mealybugs, but also against ants. Among the products used, 66.7% of farmers reported that the dimethoathe is effective. Socio-cultural factors determining farmer knowledge on pineapple mealybug as insect pest and vector of the Mealybug Wilt of Pineapple (MWP) disease: Municipality, number of years of experience in pineapple production and participation in training significantly influenced (P <0.05) knowledge of farmers on mealybug as pineapple insect pest and vector for the MWP disease. Furthermore, farmers in the municipalities of Allada, Tori, Zè and Toffo identified more frequently mealybug as pineapple insect and vector of the disease than farmers in Abomey-Calavi (Table 3) . In regard to farmers experience in pineapple production, an increase in year multiplied by 1.037 enhance the chance of identifying mealybug as insect pest of pineapple while an increase in the year multiplied by 0.974 enhance farmers' ability to identify mealybug as the MWP disease vector. Trained farmers were able to identify the mealybug as insect pest of pineapple and vector of the MWP. The predictive probability that a producer identifies the mealybug as insect pest of pineapple or vector for the Mealybug Wilt of Pineapple (MWP) disease based on the number of years of experience in pineapple production is presented in Figure 3 . Results showed that the locality of a particular producer, the number of years of experience in pineapple production are positively correlated (P <0.05) with the identification of the mealybug of pineapple, except farmers from AbomeyCalavi and Allada (Figure 3.a) . Regarding the identification of mealybug as a vector of the MWP disease, it is positively correlated with the number of years of experience in pineapple production, mainly in Toffo and Tori (Figure 3.b ). It appears from Figure 4 that farmers who benefited from training, even once, are more able to identify mealybug as pest and vector of the MWP disease. In addition, participation in training was found to influence the ability of famers to identify mealybug as insect pest of pineapple and vector of the MWP disease. Figure 3 : Predictive probability of identification of (a) mealybug as insect pest of pineapple; and (b) vector of the Mealybug Wilt of Pineapple (MWP) disease in relation to experience in pineapple production at each municipality 
Socio-cultural characteristics influencing control methods developed by farmers against mealybug:
Results from the simple Factorial Correspondence Analysis (AFC) indicated that the first two axes concentrated 92.6% of the decisional information, which is sufficient to ensure an accuracy of interpretation. The categories of farmers and the control methods were projected in factorial axes system ( Figure 5 ). The biplot shows that on axis 1, farmers of the municipality of Toffo who were trained on pineapple production techniques, adopted crops association, chemical control and disinfection of pineapple's propagules against the mealybug. They are opposed to the untrained farmers who did not adopt any control method, and the trained farmers of Zè and Allada. In regard to the axis 2, it opposed farmers of Zè who have been trained and adopted the wrapping of discharges and the trained farmers of Allada who adopted weeding and plants spacing as techniques to control the mealybug. 
DISCUSSION
The current study analyzed the perceptions of farmers on the pineapple's mealybug, as pest or vector of the Mealybug Wilt of Pineapple (MWP) disease. The results revealed that farmers' perceptions on the pineapple mealybug are influenced by three socio-cultural factors namely municipality, number of years of experience in pineapple production and participation of farmers in a training on pineapple production. Indeed, farmers' perceptions considering the mealybug as detrimental for pineapple and vectors of the wilt disease within the same municipality is homogeneous but varies from one municipality to another. This could be explained by the fact that the training of groups of pineapple producers and sharing information is in line with local but deferred other. These results are consistent with the findings of Brandt et al. (2013) who reported that the geographic position influence the ethnobotanical knowledge. Furthermore, farmers were able to recognize the mealybug as insect pest of pineapple and vector of the MWP disease. Fanou and Adikan (2008) also reported the mealybug as the most important pest of pineapple in Benin. Meanwhile, farmers attributed the vulnerability of pineapple production to mealybug to the high susceptibility of pineapple variety "Smooth cayenne", the most widely grown variety across the surveyed areas. However, Fanou and Adikan (2008) found that the mealybug is more subservient to the smooth cayenne variety. Farmers in the surveyed municipalities perceived the abundance of weeds in the fields, and ants as factors that can increase the infestation of pineapples by mealybug. This can be explained by the fact that mealybug's presence is associated with the presence of ants which are determinant in the dissemination of the mealybug. Thus, ants protect mealybugs from their natural enemies (predators and parasites) and facilitate their dissemination by transporting them from plant to plant, which in return benefit from honeydew produced by the mealybugs (González-Hernández et al., 1999) . Dry season is also one of the factors reported by farmers as cause of mealybug proliferation (Jurie et al., 2001 , Akintola et al., 2013 Fanou et al., 2014) . Weeds are also host plants for mealybug and therefore contribute to the survival and spread of the MWP disease (Pandey and Johnson, 2006) . This study revealed that farmers developed some methods to control mealybug, including the chemical sanitation of the pineapple's propagules, chemical control in fields, regular weeding and the spacing of plants. This was particularly observed in the municipality of Toffo where farmers adopt almost all control measures identified. This could be due to the long period of cultivation of smooth cayenne, a high susceptible variety, which has somehow constrained Toffo's farmers to try all possible control measures to address this challenge. Furthermore, participation in training strengthens the knowledge of farmers on the pineapple mealybug. It was recorded that only farmers who were trained applied control methods against the pineapple mealybug. This corroborates the results of Lowoga et al. (2011) who highlighted that support from researchers, trainers and agricultural services influence the farmers' decision to accept new knowledge in relation to their specific needs. This conception is in line with the conclusions of several authors according to which farmers are motivated to apply new technologies or advices received from agricultural trainers to improve their practice (Nyantika and Aming'a, 2015; Lowoga et al., 2011; Fawole, 2008) Chemical control in the fields and disinfection of pineapple propagules are control methods practiced by farmers in Benin, using dimethoate which is effective against the mealybug and ants. In line with this, Jahn et al. (2003) found that farmers use Malathion and diazinon to control mealybugs, vector of MWP disease in the Hawaiian Islands. However, chemical control alone may not help to completely eliminate the population of mealybugs, and regular weeding was revealed as the current control method applied in all municipalities. The adoption of this method is justified by the fact that weeds are a source of proliferation of mealybug and therefore their elimination may significantly reduce the population of mealybugs. Overall, this study shows that farmers perceive the mealybug as insect pest of pineapple and vector of the wilt disease affecting pineapple production in Benin. These perceptions and knowledge on the mealybug, its resulting disease, and the control methods developed by farmers during their daily pineapple production activity are determined by the sociocultural characteristics, the number of years of experience in pineapple production and participation in a previous training. This underlines thus the need of multiplying outreach actions to inform and train farmers on the effective management strategies to control the mealybug population and limit the losses induced by the wilt disease in pineapple production in Benin.
